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1 Introduction 


Smarandache introduced the notion of neutrosophic set which is a more general platform that extends the 
notions of classic set, (intuitionistic) fuzzy set and interval valued (intuitionistic) fuzzy set (see [11, 12]). 
Neutrosophic set theory is applied to various part which is refered to the site 


http://fs.gallup.unm.edu/neutrosophy.htm. 


Jun and his colleagues applied the notion of neutrosophic set theory to BC kK / BC I-algebras (see [4, 5, 6, 7, 10, 
13, 14]). Borzooei et al. [2] studied commutative generalized neutrosophic ideals in BC'K-algebras. Mohseni 
et al. [9] introduced the notion of MBJ-neutrosophic sets which is another generalization of neutrosophic 
set. They introduced the concept of MBJ-neutrosophic subalgebras in BC'K / BC I-algebras, and investigated 
related properties. They gave a characterization of MBJ-neutrosophic subalgebra, and established a new MBJ- 
neutrosophic subalgebra by using an MBJ-neutrosophic subalgebra of a BC'I-algebra. They considered the 
homomorphic inverse image of MBJ-neutrosophic subalgebra, and discussed translation of MBJ-neutrosophic 
subalgebra. Bordbar et al. [1] introduced the notion of BMBJ-neutrosophic subalgebras, and investigated 
related properties. 

In this paper, we apply the notion of MBJ-neutrosophic sets to ideals of BC K/BI-algebras. We intro- 
duce the concepts of a BMBJ-neutrosophic o-subalgebra and a (closed) BMBJ-neutrosophic ideal, and in- 
vestigate several properties. We provide conditions for an MBJ-neutrosophic set to be a BMBJ-neutrosophic 
ideal in BCK/BC1T-algebras, and discuss characterizations of BMBJ-neutrosophic ideal. We consider rela- 
tions between a BMBJ-neutrosophic subalgebra, a BMBJ-neutrosophic o-subalgebra and a (closed) BMBJ- 
neutrosophic ideal. 
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2 Preliminaries 


By a BC I-algebra, we mean a set X with a binary operation * and a special element 0 that satisfies the 
following conditions: 


(1) ((@ *y) * (4 * z)) * (zy) =0, 
(II) (x * (a *y)) xy = 0, 

di) «*x=0, 

(IV) cey=O ye eet Soy 

for all x,y,z € X. Ifa BCT-algebra X satisfies the following identity: 
(V) (Va € X) (Ox x2 =0), 


then X is called a BC'K-algebra. 
By a weakly BC’ K-algebra (see [3]), we mean a BC'I-algebra X satisfying 0 * x < x forall x € X. 
Every BC K/BCI-algebra X satisfies the following conditions: 


(Vee xX) (GeO a (2.1) 
(Vive eye ee ee ee ye ee) (2.2) 
(Vz,y,z2 € X)((a*y)*z=(4x*z) *y), (2,3) 
(WG eX (Gr ee) eyez) ae ey) (2.4) 


where x < y if and only if x * y = 0. Any BC T-algebra X satisfies the following conditions (see [3]): 


(Va, eX) (a * (Ge (Dey) =a y)s (2:5) 
(Va,y € X)(O* (a *y) = (0* x) * (0 *y)). (2.6) 


A BC I-algebra X is said to be p-semisimple (see [3]) if 
(Vz € X)(0* (0x2) =2). (2.7) 
In a p-semisimple BC'J-algebra X, the following holds: 
(Vea pe X)0% (oey) yea, oc ¥ (Ry) =%), (2.8) 
A BC I-algebra X is said to be associative (see [3]) if 
(Vz,y,2€ X)((cxy)*z=a2x*(y*z)). (2.9) 
By an (S)-BC K-algebra, we mean a BC'K-algebra X such that, for any x, y € X, the set 
{zEX|zxx<y} 


has the greatest element, written by x © y (see [8]). 
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A nonempty subset S of a BCK/BCI-algebra X is called a subalgebra of X ifxxy € S forall x,y € S. 
A subset J of a BCK/BCI-algebra X is called an ideal of X if it satisfies: 


Oe, (2.10) 
(VaeX)(Wy Eel) (axyel > rel). (2.11) 


A subset I of a BC'I-algebra X is called a closed ideal of X (see [3]) if it is an ideal of X which satisfies: 


(Vee X)\(xel > Oxrel). (2.12) 


By an interval number we mean a closed subinterval @ = [a~,a*] of J, where 0 < a~ < at < 1. Denote 
by [J] the set of all interval numbers. 


Let X be a nonempty set. A function A : X — [J] is called an interval-valued fuzzy set (briefly, an IVF set) 
in X. Let [J]* stand for the set of all IVF sets in X. For every A € [J]* and x € X, A(x) = [A~(z), At (2) 
is called the degree of membership of an element x to A, where A~ : X — I and At : X — J are fuzzy sets 


in X which are called a lower fuzzy set and an upper fuzzy set in X, respectively. For simplicity, we denote 
A=[A7,A‘]. 
Let X be a non-empty set. A neutrosophic set (NS) in X (see [11]) is a structure of the form: 


A := {(z; Ar(x), Ar(x), Ar(x)) | « © X} 


where Ar : X — [0,1] is a truth membership function, A; : X — [0,1] is an indeterminate membership 
function, and Ay : X — [0,1] is a false membership function. For the sake of simplicity, we shall use the 
symbol A = (Ar, A;, Ar) for the neutrosophic set 


A := {(x; Ar(x), Ar(x), Ar(x)) | x € X}. 


We refer the reader to the books [3, 8] for further information regarding BC'K /BC I-algebras, and to the 
site “http://fs.gallup.unm.edu/neutrosophy.htm” for further information regarding neutrosophic set theory. 


Let X be anon-empty set. By an MBJ-neutrosophic set in X (see [9]), we mean a structure of the form: 
A := {(x;Ma(x), Ba(x), Ja(x)) | x © X} 


where 1/4 and J, are fuzzy sets in _X, which are called a truth membership function and a false membership 
function, respectively, and B, is an IVF set in X which is called an indeterminate interval-valued membership 
function. 


For the sake of simplicity, we shall use the symbol A = (M4, Ba, J) for the MBJ-neutrosophic set 


A= 1 M,(a), Ba(a), Ja(x)) | aE X}. 


Let X be a BCK/BCI-algebra. An MBJ-neutrosophic set A = (My, Ba, J4) in X is called a BMBJ- 
neutrosophic subalgebra of X (see [1]) if it satisfies: 


(Vx € X)(Ma(x) + Ba(x) <1, BY(x) + Ja(z) < 1) (2.13) 
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3 BMBJ-neutrosophic ideals 


Definition 3.1. Let X be a BCK/BCI-algebra. An MBJ-neutrosophic set A = (Ma, Ba, Ja) in X is called 
a BMBJ-neutrosophic ideal of X if it satisfies (2.13) and 


Ma(0) 2 Ma(x) 
wvenn( BOSH | 7 
Ja(0) < Ja(z) 


Ma(ax) = min{Ma(x * y), Ma(y)} 
v) <max{By(x*y), Ba(y)} 


By( A 
WEYE OT Bio) > min{ Bis y), Biy)} = 
Ja(z) < max{Ja(x * y), Ja(y)} 
A BMBJ-neutrosophic ideal A = (Ma, Ba, J A) of a BC I-algebra X is said to be closed if 
Ma(0*« 2) > Ma(xr) 
B,(O*2z) < By(e) 
(Va € X) Bi (02) > Bi(a) . (3.3) 
J (0 ok xr) < Jae) 


Example 3.2. Consider a set X = {0,1,2,a} with the binary operation « which is given in Table 1. Then 


oe 99 


Table 1: Cayley table for the binary operation “x 


2 NF O| * 
gS nur oO|oO 
geno»4qr 
oe 
Oe 8 8/8 


(X; *,0) is a BCI-algebra (see [3]). Let A = (Ma, Ba, J) be an MBJ-neutrosophic set in X defined by 
Table 2. It is routine to verify that. A = (My, By, Ja) is a closed MBJ-neutrosophic ideal of X. 


M. Mohseni Takallo, Hashem Bordbar, R.A. Borzooei, Y.B. Jun, BMBJ-neutrosophic ideals in 
BCK/BC1I-algebras. 


Neutrosophic Sets and Systems, Vol.27, 2019 


Table 2: MBJ-neutrosophic set A = (M4, Ba, Ja) 


X Ma(z) Ba(x) Su) 
0 0.7 (0.02, 0.08] 0.2 
1 0.5 (0.02, 0.06] 0.2 
2 0.4 (0.02, 0.06] 0.7 
a 0.3 (0.02, 0.06] 0.7 


Proposition 3.3. Let X be a BCK/BCI-algebra. Then every BMBJ-neutrosophic ideal A = (M4, Ba, Ja) 


of X satisfies the following assertion. 


Ma(a) > min{Ma(y), Ma(2)} 

a(@) < max{By(y), Ba(z)}, 
B(x) = min{ Ba (y), Ba(z)} 
Ja(x) < max{Ja(y 


reYsz=> 


— 
ae 
“~ 


forall x,y,z EX. 


Proof. Let x,y,z € X be such that x * y < z. Then 


Ma(a *y) > min{ Ma((x * y) * z), Ma(z)} = min{M,(0), Ma(z)} = Ma(z), 
Bale *y) < max{ By ((x *y) * z), Ba(z)} = max{ By (0), Ba(z)t = Bal), 


Ba(x*y) 2 min{By((x *y) * 2), Ba(z)} = min{B, (0), B4(z)} = Bale), 


and 


dale ey) < max Ja (Go) * 2) ale) = maxt J al0), dale) = talz): 
It follows that 


Ma(x) > min{Ma(a * y), Ma(y)} = min{Ma(y), Ma(z)}, 


Ba(x) < max{ By (x *y), Bay) = max{By(y), Ba(2)}, 


By(x) > min{BA(x *y), By(y)} = min{Ba(y), By(z)}, 
and 


Ja(x) < max{Ja(x * y), Ja(y)} = max{Ja(y), Ja(z)}- 


(3.4) 
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This completes the proof. 


We provide conditions for an MBJ-neutrosophic set to be a BMBJ-neutrosophic ideal in BC kK /BCIT- 
algebras. 


Theorem 3.4. Every MBJ-neutrosophic set ina BCK/BCI-algebra X satisfying (3.1) and (3.4) is a BMBJ- 
neutrosophic ideal of X. 


Proof. Let A = (Ma, Ba, Ja) be an MBJ-neutrosophic set in X satisfying (3.1) and (3.4). Note that x » (a * 
y) < y forall x,y € X. It follows from (3.4) that 


Ma(x) = min{Ma(x * y), Ma(y)}, 


By(x) < max{Ba(r *y), Bayh, 


By(x) = min{By(x *y), Ba(y)}, 
and 


Ja(x) < max{Ja(x * y), Ja(y)f- 


Therefore A = (Ma, Beg 'A) is a BMBJ-neutrosophic ideal of X. 


Given an MBJ-neutrosophic set A = (My, By, J) ina BCK/BC!I-algebra X, we consider the following 
sets. 


where t,s,a~,at € [0,1]. 

Theorem 3.5. An MBJ-neutrosophic set A = (Ma, Ba, Ja) ina BCK/BCI-algebra X is an MBJ-neutrosophic 
ideal of X if and only if the non-empty sets U(Ma;t), L(By;a7~), U(By;a*) and L(Ja; 8) are ideals of X 
for all t, s,a~.a* € (0, 1]. 

Proof, Suppose that A = (M,, By, J,) is an MBJ-neutrosophic ideal of X. Let t,s,a7,at € [(0, 1] be such 
that U(M4;t), L(By;a7), U( By; a7) and L(J,; s) are non-empty. Obviously, 0 € U(M,4;t) N L(By;a7) 
U(Bi;at)NL(J4; 8). For any xz, y, a,b, p,q,u,u € X,ifxxy € U(My;t), y € U(Ma;t), axb € L(Bj;a7), 
be L(By;07-),p*q € U(Bi; at), q € U(By; at), wx € L(Ja;s) and v € L(J4; 8), then 


Ma(x) > min{Ma(ax * y), Ma(y)} > min{t, t} = ¢, 

By (a) < max{Bj (a * 6), By (b)} < max{a7,a7} =a’, 

By(p) = min{ By (p * q), By(q)} 2 min{at,aT} =a", 
< max{Ja(u * v), Ja(v)} < min{s,s} = s, 
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and soz € U(My;t), a € L(By;a7), p € U(By; a7) and u € L(Ja;s). Therefore U(Ma;t), L(By;a07), 
U(Bi;at) and L(J4; s) are ideals of X. 

Conversely, assume that the non-empty sets U(M,y;t), L(By;a7), U Bai at) and L(J,;s) are ideals 
of X for all t,s,a7,at € [0,1]. Assume that M4(0) < Ma(a), By(0) > By(a), BY(0) < By(a) and 
J4(0) > Ja(a) for some a € X. Then 0 ¢ U(My; Ma(a)) N L(By; By(a)) u(B As Bata) iE Jasdala), 
which is a contradiction. Hence M4(0) > Ma(x), BA(0) < By(x), BX(0) > By(a i and J4(0) < Ja(z) 
for all x € X. If Ma(ao) < min{Ma(ao * bo), Ma(bo)} for some ao, bo € X, then ap * bo € U(M,4; to) 
and bb € U(Ma;to) but a9 ¢ U(M,y; to) for to := min{ M4(ao * bo), Ma(bo)}. This is a contradiction, and 
thus M,(a) > min{ M,(a « b), M4(b)} for all a,b € X. Similarly, we can show that J4(a) < max{J,4(a * 
b), Ja(b)} for all a, b € X. Suppose that By (a9) > max{By (ao * bo), By (bo) } for some ag, by) € X. Taking 
a” = max{ By (do * bo), By (bo) } implies that ag * bp € L(By;a7~) and by € L(By; a7) but ag ¢ L( By; a7). 
This is a contradiction. Thus By(#) < max{By(ax * y), By(y)} for all x,y € X. Similarly, we obtain 
Bi (a) > min{ Bi(«*y), Bi(y)} for all x, y € X. Consequently A = (M4, Ba, J4) isa BMBJ-neutrosophic 
ideal of X. 


Theorem 3.6. An MBJ-neutrosophic set A = (M4, Ba, J4) ina BCK/BCI-algebra X is a BMBJ-neutrosophic 
ideal of X if and only if (M4, By) and (Bi, Ja) are intuitionistic fuzzy ideals of X. 


Proof. Straightforward. 


Theorem 3.7. Given an ideal I of a BCK/BCI-algebra X, let A = (M4, By, J4) be an MBJ-neutrosophic 
set in X defined by 


Higele es, ge a- iffel, 
ANE EN 1G otherwise, 1 otherwise, 


+ 3 
4 ee ee ifz ET, _ |e jAPose £ 
By(2) = { 0 otherwise, Jala) = { 1 otherwise, 


where t,a* € (0,1), s,a~ € [0,1). Then A = (Ma, Ba, Ja) is a BMBJ-neutrosophic ideal of X such that 
U(M get) = 1( Bia) =U Bia) = Las) = 1. 

Proof. It is clear that U(M,4;t) = L(By;a7) = U(By; at) = L(Ja;s) =I. Letx,y € X. Ife xy € I and 
y € I, then x € J and so 


t= min{M,(z « y), Ma(y)} 
De mee y *y),B A(t, 
Jat) =i ae ee )}. 


If any one of x * y and y is contained in J, say x xy € J, then My(axy) =t, Ba(axy) =a’, Ja(uxy) =8, 
Ma(y) = 0, Ba(y) = 1, Bi(y) = 0 and Ja(y) = 1. Hence 


Ma(x) > 0 = min{t,0} = min{Ma(a « y), Ma(y)} 
Ba(x) <1 = max{ By (x+y), Baly)}, 

By(x) 2 0= min{By(r *y), By(y)}, 

JAG) <1 =amax{ s, 1} = maxt Jala ey) aly: 
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Ifaxy,y ¢ I, then Ma(e * y) = 0 = Maly), Ba(e*+y) = 1= Baty), Bi(e*y) =0 = Bi) and 
Ja(x*y) =1= Ja(y). It follows that 


Ma(z) = 0= min{Ma(z * y), Ma(y)} 
Ba(@) <1 = max{BA(2*y), Ba(y)}, 
By(x) > 0 = min{By(x*y), Ba(y)}, 
dati) <1 tease Jae ey) dag). 


It is obvious that M,4(0) > Ma(x), By (0) < Ba(x), BA(0) > BY(x) and J4(0) < Ja(a) for all x € X. 
Therefore A = (Ma, Ba, Ja) is a BMBJ-neutrosophic ideal of X. 


Theorem 3.8. For any non-empty subset I of X, let A = (Ma, Ba, J,4) be an MBJ-neutrosophic set in X 
which is given in Theorem 3.7. If A= (Ma, Ba, Ja) is a BMBJ-neutrosophic ideal of X, then I is an ideal of 
x. 


Proof. Obviously, 0 € I. Let x,y € X be such that x xy € Jandy € J. Then My(x xy) = t = Ma(y), 
Bi(exy) =a =B,y), Bilary) =at = By) and Ja(oxy) =s= Jay). Thus 


Ma() 2 min{Ma(x * y), Ma(y)} = t, 
Ba(x) < max{Ba(r*y), Balypaa, 


( 
By(x) > min{ By (x *y), Ba(y)} =a%, 


Ja(x) < max{Ja(x*y), Ja(y)} =, 


and hence x € J. Therefore J is an ideal of X. 


Theorem 3.9. In a BC'K-algebra, every BMBJ-neutrosophic ideal is a BMBJ-neutrosophic subalgebra. 


Proof, Let A = (Mu, Ba, J4) be a BMBJ-neutrosophic ideal of a BC'K-algebra X. Since (x *y) «x < y for 
all x,y € X, it follows from Proposition 3.3 that 


Bulg *y) < max{B, 
Ba(x*y) > min{B4(x), By(y)}, 
Ja(u*y) < max{Ja(x), Ja(y)} 


for all x,y € X. Hence A = (Ma, Ba, J,) is a BMBJ-neutrosophic subalgebra of a BC K-algebra X. 


The converse of Theorem 3.9 may not be true as seen in the following example. 


Example 3.10. Consider a BC K-algebra X = {0, 1, 2,3} with the binary operation « which is given in Table 
3. Let A = (Ma, Ba, J) be an MBJ-neutrosophic set in X defined by Table 4. Then A = (My, Ba, J,) is 
a BMBJ-neutrosophic subalgebra of X, but it is not a BMBJ-neutrosophic ideal of X since 


71) pam {B71 2).B 7 )}. 


We provide a condition for a BMBJ-neutrosophic subalgebra to be a BMBJ-neutrosophic ideal ina BC K- 
algebra. 
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soy ” 


Table 3: Cayley table for the binary operation “x 


WwWnNnmr CO] * 
WNnNr O]O 
wOre Oo OF 
wnoao o;rd 
ONrR Ow 


Table 4: MBJ-neutrosophic set A = (My, Ba, J.) 


X Ma(z) Ba(x) Sale) 
0 0.7 (0.03, 0.08] 02 
1 0.4 (0.02, 0.06] 0.3 
2 0.4 (0.03, 0.08} 0.4 
3 0.6 (0.02, 0.06] 0.5 


Theorem 3.11. Let A = (Ma, Ba, J) be a BMBJ-neutrosophic subalgebra of a BC K-algebra X satisfying 
the condition (3.4). Then A = (Ma, Ba, Ja) is a BMBJ-neutrosophic ideal of X. 


Proof. For any x € X, we get 


M,(0) = Mya(a * x) > min{M,(x), Ma(x)} = Ma(z), 
By (0) = By(w*2) $ max{Byz(2), By(2)} = By(c), 


BA (0) = By(@* a) 2 min{By(x), By(2)} = By(2), 
and 
Jda(O) aha (ee) ee Ag ha (ae) a) 
Since x * (x xy) < y forall z,y € X, it follows from (3.4) that 


Ma(x) = min{Ma(x *«y), Ma(y)}, 
a(@) < max{ BA (x *y), Ba(y)}, 

B(x) = min{ Ba(x *y), Ba(y)}, 

Ja(x) < max{Ja(x * y), Ja(y)} 


for all x,y € X. Therefore A = (My, Ba, J,) is a BMBJ-neutrosophic ideal of X. 
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Theorem 3.9 is not true ina BC’ J-algebra as seen in the following example. 


Example 3.12. Let (Y,*,0) be a BCJ-algebra and let (Z, —,0) be an adjoint BC J-algebra of the additive 
group (Z,+,0) of integers. Then X = Y x Zisa BCI-algebra and I = Y x N is an ideal of X where N is 
the set of all non-negative integers (see [3]). Let A = (Ma, Ba, J 4) be an MBJ-neutrosophic set in X which 
is given in Theorem 3.7. Then A = (My, Ba, J4) isa BMBJ-neutrosophic ideal of X by Theorem 3.7. But it 
is not a BMBJ-neutrosophic subalgebra of X since 


Ma((0,0) « (0,1)) = Ma((0,-1)) =0 <t = min{M,((0,0)), M4(0,1))}, 
By ((0, 0) * (0, 2)) = BA((0, —2)) = 1S = max{B4((0,0)),B4(0,2))}, 


B((0,0) * (0,2)) = B4((0, -2)) =0 < a* = min{B4((0,0)), B4 (0, 2))}, 
and/or 
Ja((0, 0) * (0,3)) = Ja((0, —3)) = 1 > s = max{Ja((0,0)), Ja(0, 3))}. 
Definition 3.13. A BMBJ-neutrosophic ideal A = (M4, Ba, J A) of a BCI-algebra X is said to be closed if 
(Vz € X)(Ma(0* 2) > Ma(x), BZ(O*2x) < By(x), BU(O*x) > Bh(2), Ja(O*xx) < Ja(z)). (3.5) 


Theorem 3.14. In a BC I-algebra, every closed BMBJ-neutrosophic ideal is a BMBJ-neutrosophic subalge- 
bra. 


Proof. Let A = (Ma, Ba, J,4) be a closed BMBJ-neutrosophic ideal of a BC'I-algebra X. Using (3.2), (2.3), 
(IID) and (3.3), we have 


Ma(x xy) > min{Ma((x *y) * x), Ma(x)} = min{M,(0* y), Ma(x)} > min{ Ma(y), Ma(x)}, 


By(a*y) < max{By ((x*y) * 2), Ba(w)} = max{By(0*y), Ba(x)} < max{By(y), Ba(w)}, 


B(x *y) > min{B4((a *y) * x), By(w)} = min{B}(0* y), Ba(w)} = min{ Bj (y), B4(x)}, 
and 


Ja(w *y) < max{Ja((w *y) * x), Ja(x)} = max{Ja(0 * y), Ja(a)} < max{Ja(y), Ja(x)} 


for all x,y € X. Hence A = (M4, By, J4) is a BMBJ-neutrosophic subalgebra of X. 
Theorem 3.15. In a weakly BC K-algebra, every BMBJ-neutrosophic ideal is closed. 


Proof, Let A = (M4, Ba, J4) be a BMBJ-neutrosophic ideal of a weakly BC K-algebra X. For any x € X, 
we obtain 


M,(0* x) > min{M,((0* x) * x), Ma(x)} = min{ M,4(0), Ma(x)} = Ma(z), 
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By(0* x) < max{B4((0* x) * x), Ba(x)} = max{By (0), Ba(x)} = Bala), 


BA(O* x) > min{BA((0* x) * x), By(x)} = min{B4 (0), By (x)} = BA(2), 
and 


JAlO¥ 2) < max, d a((O 4x) * &), Fala) ) = max] J4(O) pd ale)) = dala). 


Therefore A = (Ma, Bid ‘A) isa closed BMBJ-neutrosophic ideal of X. 


Corollary 3.16. In a weakly BC K-algebra, every BMBJ-neutrosophic ideal is a BMBJ-neutrosophic subal- 
gebra. 


The following example shows that any BMBJ-neutrosophic subalgebra is not a BMBJ-neutrosophic ideal 
in a BC'I-algebra. 


Example 3.17. Consider a BC I-algebra X = {0, a, b,c, d, e} with the *-operation in Table 5. 


oe 99 


Table 5: Cayley table for the binary operation “x 


olaerse ox 
olQaereg ao 
erro coos 
eegecronoaolst 
aaonncasa 
ge omron ofa 
Cea TOO Alea 


Let A= (Ma, Ba, J A) be an MBJ-neutrosophic set in X defined by Table 6. 


Table 6: MBJ-neutrosophic set A = (M4, Ba, Ja) 


xX Ma(z) Ba(x) Jae) 
0 Qf 0.14, 0.19 0.3 
a 0.4 0.04, 0.45 0.6 
b 0.7 0.14, 0.19 0.3 
c 0.7 0.14, 0.19 0.3 
d 0.4 0.04, 0.45 0.6 
e€ 0.4 0.04, 0.45 0.6 
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It is routine to verify that. A = (Ma, B A, Ja) is a BMBJ-neutrosophic subalgebra of X. But it is not a 
BMB3J-neutrosophic ideal of X since 


Ma(d) < min{ Ma4(d * eG); Ma(c)}, 
By(d) > max{B,(d*c), By(c)}, 


B4(d) < min{ By (d* c), By(o)}, 
and/or 
Ja(d) > max{Ja(d * c), Ja(c)}. 
Theorem 3.18. Jn a p-semisimple BC I-algebra X, the following are equivalent. 
(1) A= (Ma, Ba, J) is a closed BMBJ-neutrosophic ideal of X. 


(2) A=(May, Ba, Ja) is a BMBJ-neutrosophic subalgebra of X. 


Proof. (1) = (2). See Theorem 3.14. _ 
(2) = (1). Suppose that A = (My, Bu, J) is a BMBJ-neutrosophic subalgebra of X. For any x € X, we 
get 


M,(0) = Ma(x * x) > min{M,(x), Ma(x)} = My(z), 
BA (0) = By(@* x) < max{Ba(2), Ba(w)} = Ba(x), 


BA (0) = Ba(x * x) > min{B4(z), B4(x)} = B42), 
and 
LAO) Sal Ae 2) ae ACE dae) = Jae) 


Hence M,4(0*x) > min{M,(0), Ma(x)} = Ma(x), By (Oxxr) < max{B(0), By (x)} = Ba(x) BA (Oxx) > 
min{B} (0), By(z)} = By(a) and J4(0 * x) < max{J,4(0), Ja(x)} = Ja(x) for all x € X. Letz,y € X. 
Then 


Ma(®) = Maly * (y*@)) 2 min{Ma(y), Ma(y * x) } 
min{Ma(y),Ma(0* (a * y))} 


min{Ma(x * y), Ma(y)}, 


IV 


By (x) = Bay * (y*a)) < max{Bz(y), Bay * 2)} 
= max{B,(y), By (0 * (x *y))} 
< max{B, (x * y), By(y)} 
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BA(x) = Baty * (y 


=min{By 


and 


Ja(x) = Jaly * (y* @)) < max{Ja(y), Ja(y * 2) } 
= max{Ja4(y), Ja(0 * (a * y))} 
< max{J4(x * y), Ja(y)}. 


Therefore A = (Ma, Ba, J A) is a closed BMBJ-neutrosophic ideal of X. 


Since every associative BC’ [-algebra is p-semisimple, we have the following corollary. 
Corollary 3.19. In an associative BC'I-algebra X, the following are equivalent. 
(1) A= (Ma, Ba, J4) is a closed BMBJ-neutrosophic ideal of X. 
(2) A= (Ma, Ba, Ja) is a BMBJ-neutrosophic subalgebra of X. 


Definition 3.20. Let X be an (S)-BC K-algebra. An MBJ-neutrosophic set A = (M4, By, J,) in X is called 
a BMBJ-neutrosophic 0-subalgebra of X if the following assertions are valid. 


Ma(xoy) 2 min{Ma(x), Ma(y)}. 


(x), M. 
By : oy) < max{By (x), Ba(y)}. (3.6) 


4(xoy) > min{By(x), Baly)}, 


Ja(xoy) < max{Ja(x), Ja(y)} 
forallz,y EX. 
Lemma 3.21. Every BMBJ-neutrosophic ideal of a BCK/BCI-algebra X satisfies the following assertion. 


(Va,y € X) (a <y = Ma(x) > Maly), Bale) < Baty), Ba(@) = BA(y), Ja(a) < Jaly)). GB.) 
Proof. Assume that x < y for all x,y € X. Then x * y = 0, and so 


Ma(@) 2 min{ Ma(a * y), Ma(y)} = min{M4(0), Ma(y)} = Maly), 
Ba(@) < max{ By (a *y), Ba(y)} = max{ By (0), Ba(y)} = Baly), 


By(x) > min{BA(x *y), By(y)} = min{ BA (0), Bi(y)} = Bay), 
and 


Ja(x) < max{Ja(x *y), Ja(y)} = max{Ja(0), Jay) = Ja(y). 


This completes the proof. 
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Theorem 3.22. In an (S)-BC K-algebra, every BMBJ-neutrosophic ideal is a BMBJ-neutrosophic o-subalgebra. 


Proof, Let A = (Ma, By, J) be a BMBJ-neutrosophic ideal of an (S')-BC'K-algebra X. Note that (x 0 y) * 
x <y forall z,y € X. Using Lemma 3.21 and (3.2) inplies that 


Ma(xoy) 2 min{Ma((aoy) * x), Ma(x)} > min{ Ma(y), Ma(2), 
By(roy) < max{ By ((r0y) * 2), Ba(x)} < max{ By (y), Ba(x)}, 


Ba(w oy) > min{B4((x oy) * x), Ba(x)} > min{B4(y), By(a)}, 
and 


Ja(x oy) < max{Ja((x oy) * x), Ja(x)} < max{Ja(y), Ja(x)}. 


Therefore A = (My, By, J4) is a BMBJ-neutrosophic o-subalgebra of X. 


We provide a characterization of a BMBJ-neutrosophic ideal in an (.5')- BC K-algebra. 


Theorem 3.23. Let A = (Ma, By, Ja) be an MBJ-neutrosophic set in an (S)-BCK-algebra X. Then 
A = (Ma, Ba, Ja) is a BMBJ-neutrosophic ideal of X if and only if the following assertions are valid. 


Ma(x) 2 min{Ma(y), Ma(z)}, Ba(e) < max{By(y), Ba(2)f, 


Bi(c) > min{ Bi(y), B4(2)}, Ja(x) <max{Ja(y), Ja(2)} om 


forall x,y,z € X withx <yoz. 


Proof. Assume that A = (My, Ba, J,) is a BMBJ-neutrosophic ideal of X and let x,y, z € X be such that 
x<yoz. Using (3.1), (3.2) and Theorem 3.22, we have 


Ma(x) > min{Ma(x * (yo z)), Ma(yo z)} 
= min{M,(0), Ma(yo z)} 
— Maly ) z) > min{Ma(y), Ma(z)}, 


By(ar) < max{ By (x * (yo z)), Balyoz)} 
= max{B4(0), Bayo z)} 
= Ba(yoz) < max{By(y), Balz)f, 


Bh(x) = min{ BA (x * (yo z)), By(yoz)} 
= min{B4(0), Ba(yo z)} 
= By(yoz) 2 min{By(y), By(z)}, 
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and 


Ja(xz) < max{Ja(x * (yo z)), Ja(yoz)} 
= max{J4(0), Ja(y 0 z)} 
= Jalyez) < max{Ja(y), Ja(2)f- 


Conversely, let. A = (M4, By, Ja) be an MBJ-neutrosophic set in an (S)-BC K-algebra X satisfying the 
condition (3.8) for all x,y,z € X witha < yo z. Sine 0 < xox forall x € X, it follows from (3.8) that 


Ma(0) > min{ M(x), Ma(x)} = Ma(zx), 
By (0) < max{ B(x), Ba(x)} = Ba(2), 


BY(0) > min{ B4(e), BY(x)} = BY (2), 
and 
JA(0) << mae Jala cd ale) } J al 8). 
Note that 7 < (x * y) oy for all x, y € X. Hence we have 


Ma(x) > min{ Ma(x *y), Ma(y)}, Ba(e) < max{By(2 *y), By(y)}. 
By (x) > min{ Bi(w*y), BY(y)} and Ja(x) < max{Ja(a *y), Jaly)}. 


Therefore A = (Ma, Ba, J A) isa BMBJ-neutrosophic ideal of X. 


4 Conclusions 


As a generalization of neutrosophic set, Mohseni et al. [9] have introduced the notion of MBJ-neutrosophic 
sets, and have applied it to BC-K/BCI-algebras. BMBJ-neutrosophic set has been introduced in [1] with an 
application in BC'K/ BC I-algebras. In this article, we have applied the notion of MBJ-neutrosophic sets to 
ideals of BCK/BI-algebras. We have introduced the concepts of a BMBJ-neutrosophic o-subalgebra and 
a (closed) BMBJ-neutrosophic ideal, and have investigated several properties. We have provided conditions 
for an MBJ-neutrosophic set to be a BMBJ-neutrosophic ideal in BC-K /BCI-algebras, and have discussed 
characterizations of BMBJ-neutrosophic ideal. We have considered relations between a BMBJ-neutrosophic 
subalgebra, a BMBJ-neutrosophic o-subalgebra and a (closed) BMBJ-neutrosophic ideal. Using the results and 
ideas in this paper, our future work will focus on the study of several algebraic structures and substructures. 
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